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Abstract
Group contests are ubiquitous. Some examples include warfare between countries, competition
between political parties, team-incentives within firms, group sports, and rent-seeking. In order
to succeed, members of the same group have incentives to cooperate with each other by
expending individual efforts. However, since effort is costly, each member also has an incentive
to abstain from expending any effort and instead free-ride on the efforts of other members.
Contest theory shows that the intensity of competition between groups and the amount of freeriding within groups depend on the group size, sharing rule, group impact function, contest
success function, and heterogeneity of players. We review experimental studies testing these
theoretical predictions. Almost all studies of behavior in group contests find significant overexpenditure of effort relative to the theory. We discuss potential explanations for such overexpenditure, including the utility of winning, bounded rationality, relative payoff maximization,
parochial altruism, and social identity. Despite over-expenditure, most studies find support for
the comparative statics predictions of the theory (with the exception of the “group size
paradox”). Finally, studies show that there are effective mechanisms that can promote withingroup cooperation and conflict resolution mechanisms that can de-escalate and potentially
eliminate between-group conflict.
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1. Introduction
Group contests are ubiquitous. Some examples include warfare between countries,
competition between political parties, team-incentives within firms, group sports, and rentseeking. In order to succeed, members of the same group have incentives to cooperate with each
other by expending individual efforts. However, since effort is costly, each member also has an
incentive to abstain from expending any effort and instead free-ride on the efforts of other
members.
A large theoretical literature shows that the intensity of competition between groups and
the amount of free-riding within groups depend on many factors, including the group size, the
sharing rule, and the contest success function, among others (Konrad, 2009; Kolmar, 2013;
Flamand and Troumpounis, 2015; Gavrilets, 2015). Despite an extensive and established
theoretical literature, much less effort has been devoted to empirically investigate individual
behavior in group contests (Dechenaux et al., 2015). The main reason is that it is not trivial to
measure individual effort in the field since the researcher can only observe the performance of
contestants, which is a function of effort, ability and luck (Ericsson and Charness, 1994).
Because it is typically difficult to measure the actual effort in group contests, many researchers
use controlled laboratory experiments.
Controlled experiments allow researchers to test theoretical predictions about behavior in
group contests without confounding effects mentioned above. Most experiments allow direct
measurement of individual effort, while controlling for the relative abilities of contestants and
the amount of luck in the contest. The purpose of this paper is to survey this work, by reviewing
experimental studies of group contests conducted by the social scientists (Dechenaux et al.,
2015), as well as evolutionary biologists (Gavrilets, 2015) and psychologists (Bornstein, 2003).
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We begin by providing a general theoretical model of group contests in Section 2. The model
identifies five main factors influencing behavior in group contests: (1) group size, (2) sharing
rule, (3) group impact function, (4) contest success function, and (5) heterogeneity of players.
In Section 3, we discuss general findings regarding behavior in group contests. The main
observation, emerging from almost all experimental studies of group contests, is that the actual
effort of subjects is significantly higher than the Nash equilibrium prediction. There are three
types of explanations that have been offered. First, it is well documented that people behave
overly competitive even in simple contests between individuals (Sheremeta, 2013, 2015). Such
overly competitive behavior between individuals (which could be driven by a non-monetary
utility of winning, bounded rationality, and relative payoff maximization) could intensify
competition between groups, leading to over-expenditure of effort in group contests. Second, it is
well-documented in social dilemmas and collective action games that individuals behave overly
cooperative (Ledyard et al, 1995; Chaudhuri, 2011). Such overly cooperative behavior within
groups (which could be driven by altruism, fairness, and inequality aversion) could enhance
within-group cooperation in group contests, again leading to over-expenditure of effort. Finally,
the third explanation takes its roots in parochial altruism (Bernhard et al., 2006; Choi and
Bowles, 2007) and group identity (Tajfel and Turner, 1979), suggesting that individuals
simultaneously display altruism towards in-group members along with hostility towards outgroup individuals.
In Section 4, we discuss experimental studies examining how different factors, derived
from the theoretical model in Section 2, impact the observed behavior in experiments. Overall, it
appears that most studies find support for the main comparative statics predictions of the theory.
For example, as predicted by the theory, most experimental studies find that individual efforts
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are higher when members of the group are rewarded proportionally to their performance, or
when the contest success function is more discriminatory (i.e., all-pay auction versus lottery).
Also, consistent with the theoretical predictions, behavior of individuals crucially depends on the
group impact function (i.e., a function specifying how individual efforts impact group
performance), with the perfect-substitutes function generating the highest group effort, the
weakest-link function generating the least free-riding, and the best-shot function generating the
highest relative effort by strong players. Another prediction supported by the data is that when
players are heterogeneous, stronger players expend more effort and weaker players are more
likely to free-ride. The only comparative statics predictions of the theory which is not supported
by the data is the “group size paradox” (Olson, 1965). All existing experimental studies
examining the impact of group size on behavior in group contests find that larger groups are
more likely to win a group contest than smaller groups, even when theory predicts otherwise.
Section 5 provides an overview of mechanisms that have been shown to be effective in
promoting within-group cooperation in group contests. Some mechanisms for promoting
cooperation include punishment of free-riders, within-group communication, leadership, and
consistent feedback about relative group performance. Also, in Section 5 we briefly discuss some
conflict resolution mechanisms that can be used to de-escalate and potentially eliminate betweengroup conflict.
Finally, Section 6 concludes by suggesting directions for future research.

2. The Model of a Contest between Groups
Assume there are two groups competing to win a contest and receive a prize 𝑣. Group 𝐴
consists of 𝑁𝐴 risk-neutral players and group 𝐵 consists of 𝑁𝐵 players. All players in both groups
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simultaneously and independently expend irreversible costly efforts 𝑥𝑖𝐴 and 𝑥𝑗𝐵 , incurring
potentially heterogeneous costs 𝑐𝑖𝐴 (𝑥𝑖𝐴 ) and 𝑐𝑗𝐵 (𝑥𝑗𝐵 ), for all 𝑖 = 1, … , 𝑁𝐴 and 𝑗 = 1, … , 𝑁𝐵 .
The group performance 𝑋𝐴 (similarly 𝑋𝐵 ) is a function of all individual efforts within
group 𝐴:
𝑋𝐴 = 𝑓𝐴 (𝑥1𝐴 , … , 𝑥𝑁𝐴𝐴 )

(1)

The performance function (1) is often called the group impact function (Wärneryd, 2001).
The most common group impact function in the literature is the perfect-substitutes function:
𝑁

𝐴
𝑓𝐴 (𝑥1𝐴 , … , 𝑥𝑁𝐴𝐴 ) = ∑𝑖=1
𝑥𝑖𝐴 (Katz et al., 1990). Contests characterized by this function resemble

many real life competitions where the performance of the group depends on the joint effort of all
members within that group. When the group performance depends only on the best performer
within a group, such contests could be characterized by the best-shot function:
𝑓𝐴 (𝑥1𝐴 , … , 𝑥𝑁𝐴𝐴 ) = max{𝑥1𝐴 , … , 𝑥𝑁𝐴𝐴 } (Chowdhury et al., 2013). Finally, when the performance
of the entire group depends on the worst performer within a group, such contests can be
characterize by the weakest-link function: 𝑓𝐴 (𝑥1𝐴 , … , 𝑥𝑁𝐴𝐴 ) = min{𝑥1𝐴 , … , 𝑥𝑁𝐴𝐴 } (Lee, 2012).1
The performance of each group determines the probability of winning the contest. After
all players of group 𝐴 and group 𝐵 choose their efforts, 𝑋𝐴 and 𝑋𝐵 are compared. The probability
of group 𝐴 winning the prize is defined by a contest success function (CSF) which was first used
by Tullock (1980) to describe rent-seeking contests:
𝑝𝐴 (𝑋𝐴 , 𝑋𝐵 ) = (𝑋𝐴 )𝑟 /((𝑋𝐴 )𝑟 + (𝑋𝐵 )𝑟 ).

(2)

If 𝑋𝐴 = 𝑋𝐵 = 0 then 𝑝𝐴 (𝑋𝐴 , 𝑋𝐵 ) = 1/2. That is, each group’s probability of winning depends on
its relative performance. Note that 𝑟 ≥ 0 is a discrimination parameter that measures the
sensitivity of the probability of winning to the ratio of group performances. The two commonly
1

See Kolmar and Rommeswinkel (2013) for a generalized group impact function.
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used CSFs are the lottery case (𝑟 = 1) and the auction case (𝑟 = ∞). In the lottery case, the
group with higher performance has a higher chance of winning the contest, while in the all-pay
auction case, the group with the highest performance wins the contest with certainty.
In the case group 𝐴 wins the prize, player 𝑖 receives a share of the prize which is defined
by the following sharing rule (Nitzan, 1991):
𝑁

𝐴
𝑠𝑖𝐴 (𝑥1𝐴 , … , 𝑥𝑁𝐴𝐴 ) = 𝛼𝐴 /𝑁𝐴 + (1 − 𝛼𝐴 )𝑥𝑖𝐴 / ∑𝑖=1
𝑥𝑖𝐴 .

(3)

That is, a proportion of the prize 𝛼𝐴 is distributed equally among all group members, and the
residual 1 − 𝛼𝐴 is shared according to relative effort. Note that 𝛼𝐴 = 1 corresponds to a
completely egalitarian rule while 𝛼𝐴 = 0 corresponds to a completely proportional rule.
Given (1), (2), and (3) the expected payoff of player 𝑖 in group 𝐴 can be written as:
𝜋𝑖𝐴 (𝑥1𝐴 , … , 𝑥𝑁𝐴𝐴 , 𝑋𝐵 ) = 𝑝𝐴 (𝑋𝐴 , 𝑋𝐵 )𝑠𝑖𝐴 𝑣 − 𝑐𝑖𝐴 (𝑥𝑖𝐴 ).

(4)

The first term of the expected payoff 𝑝𝐴 (𝑋𝐴 , 𝑋𝐵 )𝑠𝑖𝐴 𝑣 is the expected benefit of contributing
effort 𝑥𝑖𝐴 . By expending a higher effort 𝑥𝑖𝐴 , player 𝑖 can increase the probability 𝑝𝐴 (𝑋𝐴 , 𝑋𝐵 ) of
group 𝐴 winning the contest and increase the share of the prize 𝑠𝑖𝐴 𝑣 in case group 𝐴 wins the
contest. The second term is the cost 𝑐𝑖𝐴 (𝑥𝑖𝐴 ) of contributing effort 𝑥𝑖𝐴 . Therefore, player 𝑖 has an
incentive to cooperate with other members of his group, but since cooperation is costly, there is
also an incentive to free-ride. The exact equilibrium effort and the amount of free-riding
crucially depend on:
1) group size (𝑁𝐴 and 𝑁𝐵 )
2) sharing rule (𝛼𝐴 and 𝛼𝐵 )
3) group impact function (𝑓𝐴 and 𝑓𝐵 )
4) contest success function (characterized by 𝑟)
5) heterogeneity of players (𝑐𝑖𝐴 and 𝑐𝑗𝐵 )
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For a more detailed review of the theoretical literature on group contests and the exact
equilibrium predictions see Konrad (2009), Kolmar (2013), Flamand and Troumpounis (2015),
and Gavrilets (2015). It is important to emphasize that within social sciences (e.g., economics
and political science), the theoretical predictions about behavior in group contests are usually
based on the assumptions of pure self-interest, full rationality, and correct beliefs about the
behavior of others.2

3. General Findings about Behavior in Group Contests
Early experiments examining the behavior of people in group contests were conducted by
psychologies Rapoport and Bornstein (1987, 1989) and Bornstein (1992).3 Although subjects in
these early experiments were only allowed to make somewhat unrealistic binary all-or-nothing
decisions of whether to cooperate or not, the findings from these studies provided the basis for a
large and growing experimental literature on group contests.4
Erev et al.’s (1993) orange grove field experiment is arguably the first experiment to
examine behavior of people in naturally occurring group contests. The authors assigned subjects
to three treatments. In the Personal treatment, each subject was paid according to the quantity of
oranges he/she picked. In the Team treatment, each subject received an equal share of the group
total payoff. In the Competition treatment, subjects received a bonus if their group was more
productive than the other group (this treatment corresponds to a contest between groups). The
main finding of interest is that subjects produced 35% higher output when they participated in

2

Although evolutionary biology models do not assume pure self-interest, see Gavrilets (2015).
One could probably cite Sherif et al. (1961) as the earliest psychology experiment of the intergroup conflict.
4
Experiments using binary all-or-nothing decisions have been also used in political science, since electoral
competition can be modeled as a group contest in which each group members makes a choice of whether to cast a
vote (cooperate) or not. For an excellent review of political science experiments see Morton and Williams (2010).
Here we will discuss only some of these studies.
3
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the between-group contest. Furthermore, output tended to increase over time in the contest
treatment, while it tended to fall in the other treatments. Similar qualitative results were obtained
in a real-effort laboratory experiment by van Dijk et al. (2001). Together, these findings suggest
that when people engage in real-effort group contests, they expend high effort and they do not
free-ride.
A related study by economists Nalbantian and Schotter (1997) examined behavior in
group contests, in which instead of expending real effort, subjects chose how much money to
contribute to their group (higher amount of money corresponds to a higher effort level). In their
experiment, there were two identical groups, consisting of six players each (𝑁𝐴 = 𝑁𝐵 = 6), and
the group performance was the sum of all the individual group members’ efforts (𝑓𝐴 = ∑6𝑖=1 𝑥𝑖𝐴
and 𝑓𝐵 = ∑6𝑖=1 𝑥𝑖𝐵 ). The best performing group received the prize with certainty (𝑟 = ∞) and all
players of the winning group had to split the prize equally (𝛼𝐴 = 𝛼𝐵 = 0). Similar to the realeffort studies of Erev et al. (1993) and van Dijk et al. (2001), Nalbantian and Schotter (1997)
found that contests between groups generate very high individual efforts and relatively small
amounts of free-riding.

3.1. Over-Expenditure of Effort Relative to the Theoretical Predictions
More recent experimental studies of group contests have contrasted the behavior of
subjects relative to the theoretical predictions. For example, Abbink et al. (2010) and Ahn et al.
(2011) examine behavior in lottery contests (𝑟 = 1) between symmetric groups (𝑁𝐴 = 𝑁𝐵 = 4)
and homogeneous players (𝑐𝑖𝐴 (𝑥) = 𝑐𝑗𝐵 (𝑥) = 𝑥), where the performance of a group is
determined as the sum of all individual efforts within a group (𝑓𝐴 (. ) = ∑4𝑖=1 𝑥𝑖𝐴 and 𝑓𝐵 (. ) =
∑4𝑖=1 𝑥𝑖𝐵 ) and members of the winning group equally (𝛼𝐴 = 𝛼𝐵 = 0) split the prize 𝑣. The
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theoretical prediction is that the sum of all efforts within a group should be equal to 𝑣/4, and
potentially all but one player in the group could free-ride (Baik, 1993). Both studies, however,
document significant over-expenditure of effort relative to the Nash equilibrium prediction (up to
five times the Nash equilibrium level) and very little free-riding. These results have been
replicated by many other studies, including Sheremeta (2011), Cason et al. (2012, 2015),
Leibbrandt and Sääksvuori (2012), Ke (2013), Ke et al. (2013, 2015), Eisenkopf (2014),
Bhattacharya (2015), Brookins et al. (2015), and Chowdhury et al. (2015).5
These findings point out that the theory based on the assumptions of self-interest, full
rationality, and correct beliefs, is not capturing some of the essential elements of human
behavior. It is also possible that there are important factors which are not incorporated into the
theoretical model described in Section 2.

3.2. Explaining Over-Expenditure of Effort
There are three types of explanations for the over-expenditure of effort in group contests.
The first explanation comes from the observation that people behave overly competitive even in
simple contests between individuals. Based on a sample of 30 contest experiments between
individual subjects examined by Sheremeta (2013), the median over-expenditure is 72%.6
Sheremeta (2010) showed that this over-expenditure is driven in part by a non-monetary utility
of winning, which could be the missing factor from the theoretical model described in Section 2.
Other explanations for over-expenditure in contests between individuals are bounded rationality
(Fallucchi et al., 2013; Chowdhury et al., 2014; Lim et al., 2014) and relative payoff
5

Effort expenditure further increases when subjects can endogenously self-select into groups (Herbst et al., 2015),
when groups are penalized for expending the lowest effort (Puurtinen and Mappes, 2009; Egas et al., 2013), or when
groups are rewarded for expending the highest effort (Reuben and Tyran, 2010; Markussen et al., 2014).
6
The magnitude of over-expenditure in some studies is so high that on average participants receive negative payoffs
(Sheremeta and Zhang, 2010; Price and Sheremeta, 2011, 2015; Chowdhury et al., 2014; Mago et al., 2015).
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maximization (Cason et al., 2013; Mago et al., 2015), questioning the assumptions of full
rationality and self-interest on which the theoretical model is built.7 Irrespective of the exact
reason, the fact that people display overly competitive behavior in contests between individuals
could explain over-expenditure of effort in contests between groups.8
The second explanation is based on the observation that people behave overly
cooperative when participating in social dilemmas and collective action games. For example,
when participating in public goods games, subjects often contribute more to the group account
than predicted by the rational self-interest game theoretic model (Ledyard et al, 1995; Chaudhuri,
2011). Potential explanations for such behavior include altruism (Andreoni, 1989, 1990), fairness
concerns (Rabin, 1993), and inequality aversion (Fehr and Schmidt, 1999). These same
explanations can be applied to explain high levels of within-group cooperation, and thus overexpenditure of effort, in contests between groups. It is important to emphasize, however, that the
assumption here is that when put into a group contest, people restrict their cooperative behavior
only to their own group.
The third explanation, combining the elements of the second and the third explanations,
is based on the argument that individuals often display altruism towards in-group members along
with hostility towards out-group individuals. Such behavior is often attributed to parochial
altruism (Bernhard et al., 2006; Choi and Bowles, 2007) and social identity (Tajfel and Turner,
1979; Sen, 2007). Parochial altruism is a concept which evolutionary biologists use to explain
non-kin altruism (Rusch, 2014). The main idea is that cooperativeness towards the in-group

7

For the details on how to incorporate the non-monetary utility of winning, bounded rationality, and relative payoff
maximization into a standard theoretical contest model see Sheremeta (2013, 2015).
8
It is important to emphasize, however, that overly competitive behavior of individuals is unlikely to explain the full
extent of over-expenditure of effort in group contests. This is mainly because the extent of over-expenditure in
contests between groups is much larger than the extent of over-expenditure in contests between individuals (Abbink
et al., 2010). This phenomenon is known as an “interindividual-intergroup discontinuity” (Wildschut et al., 2003;
Wildschut and Insko, 2007; Abbink et al., 2010).
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members and aggressiveness against the out-group individuals could have coevolved in humans
as means of survival. However, although most studies find evidence of altruism towards in-group
members, hostile behavior towards out-group individuals is not as common (Halevy et al., 2008;
Israel et al., 2012).9 Moreover, in a comprehensive review of the literature, Yamagishi and
Mifune (2016) argue that evidence for parochial altruism is mixed. Another explanation of high
within-group cooperation and between-group competition comes from social identity theory
(Cason et al., 2012; Chowdhury et al., 2015). According to social identity theory (Tajfel and
Turner, 1979; Sen, 2007), a salient group identity can cause a blurring of the boundaries between
personal and group welfare and produce behavior that is contrary to personal self-interest and is
instead in the interest of group benefit.
Parochial altruism and group identity are good candidates at explaining over-expenditure
of effort in group contests, although it is also possible that such over-expenditure can be
explained by the utility of winning, bounded rationality, and relative payoff maximization.10
More research is needed to further differentiate these competing explanations.

4. Factors Influencing Behavior in Group Contests
The theoretical model presented in Section 2 identifies the main factors influencing
behavior in group contests, such as (1) group size, (2) sharing rule, (3) group impact function, (4)
contest success function, and (5) heterogeneity of players. In this section, we discuss

9

Several studies suggest that it is mostly subjects with pro-social preferences that engage in parochial altruistic
behavior (Aaldering et al., 2013; Böhm et al., 2014), thus leading to a somewhat paradoxical conclusion that prosocial behavior leads to a between-group conflict. De Dreu et al. (2015) show such pro-social behavior is relative
automatic and fast (and it decreases as cognitive load increases). Böhm et al. (2015) find causal evidence that the
intention to protect the in-group is a significant motive of out-group hostility. Such intentions may promote
preemptive offensive actions against out-group threat. De Dreu et al. (2010) provide evidence that oxytocin
promotes in-group cooperation, and defensive, but not offensive, aggression toward competing out-groups.
10
It is also possible that these factors are interdependent. For example, group identity could change social
preferences (e.g., Chen and Li, 2009) and increase the utility of relative payoff maximization (Böhm et al., 2013).
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experimental studies examining how these factors impacts actual behavior of subjects in
controlled experiments.

4.1. Group Size
Since Olson (1965), a number of theoretical and experimental papers have tried to
address the question of how group size impacts individual and group behavior. A well-known
“group size paradox” suggests that in the context of a between-group contest, the smaller group
may be more effective and more likely to win a group contest because the larger group faces
bigger free-riding problem. This paradox has been proven theoretically in some contexts (e.g.,
Katz and Tokatlidu, 1996; Baik and Lee, 1997), but not in others (e.g., Sandler, 1993; Esteban
and Ray, 2001).
The first experimental investigation of how group size impacts individual behavior in
group contests dates to Rapoport and Bornstein (1989). In their experiment, a small group of 3
individuals (𝑁𝐴 = 3) competes against a large group of 5 individuals (𝑁𝐵 = 5). Individuals
within each group have to make a binary all-or-nothing decision whether to cooperate or not. The
results of the experiment show that subjects in the larger group expend less effort than subjects in
the smaller group. However, despite higher incentives to free-ride, the larger group is more likely
to win than the smaller group.11 Similarly, in the context of political competition, Levine and
Palfrey (2007) find evidence that effort decreases as group size increases, and there is less freeriding in smaller groups. Nevertheless, at the aggregate level, larger groups are still more likely
to win than smaller groups.
Kugler et al. (2010) extend the earlier study of Rapoport and Bornstein (1989) to the case
of a continuous effort (instead of a binary all-or-nothing decision). In their experiment, a small
11

The findings of Rapoport and Bornstein (1989) have been replicated by Zhang (2012).
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group of 3 individuals (𝑁𝐴 = 3) competes against a large group of 5 individuals (𝑁𝐵 = 5) for a
prize of 150. The equilibrium prediction is that under the egalitarian sharing rule (𝛼𝐴 = 1),
members of the three-person group are predicted to contribute effort of 7.8 and members of the
five-person group are predicted to contribute 2.8, while under the proportional rule (𝛼𝐴 = 0),
members of both groups are predicted to contribute 32.8. Therefore, theory predicts that the
“group size paradox” should emerge under the egalitarian rule but not under the proportional
rule. The results of the experiment, however, show that under both rules the larger group is more
likely to win the group contest.
Abbink et al. (2010) and Ahn et al. (2011) also employ several treatments which allow
them to examine the effect of group size on behavior. Both studies compare a treatment in which
1 individual competes against a group of 4 individuals (𝑁𝐴 = 1 versus 𝑁𝐵 = 4) with a treatment
in which a group of 4 individuals competes against a group of 4 individuals (𝑁𝐴 = 4 versus
𝑁𝐵 = 4). They find that, contrary to the theoretical prediction of Katz et al. (1990), group effort
increases in the size of the group, making it unlikely for the small group to win the contest
against the large group.12 Ke (2013) employs a similar design and also finds that that the larger
group (𝑁𝐴 = 2) expends higher effort than an individual (𝑁𝐴 = 1). Therefore, it appears that all
three studies find that larger groups are more likely to win a group contest than smaller groups.
To summarize, all existing experimental studies examining the impact of group size on
behavior in group contests find that larger groups are more likely to win a group contest than
smaller groups, even when the theory predicts otherwise.

12

Cherry and Cotten (2011) extend the theoretical analysis of Katz et al. (1990) by introducing the possibility that
the two competing groups may be interdependent (i.e., individuals can be part of both sides of a contest). Theoretical
and experimental results indicate that individual efforts by group members decrease and individual efforts of those
outside the group increase in the relative size of the group.
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4.2. Sharing Rule
Most experimental studies examine group contests in which the prize is shared equally
(𝛼𝐴 = 1) between all individuals within the winning group (e.g., Nalbantian and Schotter, 1997;
Abbink et al., 2010, 2012; Ahn et al., 2011; Sheremeta, 2011; Cason et al., 2012, 2015;
Chowdhury et al., 2015). Such an egalitarian sharing rule creates incentives for some group
members to free-ride on the effort of others. One possible solution is a proportional sharing rule
(𝛼𝐴 = 0), where players of the winning group split the prize in proportion to the efforts that they
contributed to the group performance. There are several experimental studies (e.g., Ke et al.,
2013, 2015) employing both proportional sharing and equal sharing rules in the context of
alliance formation. However, due to a two-stage nature of these studies, they do not allow for a
direct comparison of how the sharing rule impacts individual and group behavior.
There are three studies directly comparing the egalitarian rule (𝛼𝐴 = 1) to the
proportional rule (𝛼𝐴 = 0), which are done by Amaldoss et al. (2000), Gunnthorsdottir and
Rapoport (2006) and Kugler et al. (2010). The main finding from these studies is that, as
predicted by the theory, the proportional sharing rule elicits higher individual efforts than the
egalitarian rule. In a slightly different environment, Sutter (2006) studies group performance
when the prize is either split equally or determined endogenously through a bargaining process
between group members. Consistent with theoretical predictions, the results of the experiment
indicate that subjects expend higher efforts under the bargaining scheme than under the
egalitarian sharing rule.
Together, the findings from the experiments on the group sharing rule strongly confirm
theoretical predictions that individual efforts are higher when members of the group are
rewarded proportionally to their performance.
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4.3. Group Impact Function
The most commonly employed group impact function in experimental studies of group
𝑁

𝐴
contests is the perfect-substitutes (or additive) function (𝑓𝐴 (𝑥1𝐴 , … , 𝑥𝑁𝐴𝐴 ) = ∑𝑖=1
𝑥𝑖𝐴 ), so that

the group performance depends on the joint effort of all members within that group (e.g., Abbink
et al., 2010, 2012; Ahn et al., 2011; Leibbrandt and Sääksvuori, 2012; Ke et al., 2013, 2015).
Recall, that the common finding of these studies is that there is significant over-expenditure of
effort relative to the Nash equilibrium prediction. Nevertheless, some free-riding still exists in
group contests employing perfect-substitutes function (Sheremeta, 2011).
When the performance of the entire group depends on the worst performer within the
group (𝑓𝐴 (𝑥1𝐴 , … , 𝑥𝑁𝐴𝐴 ) = min{𝑥1𝐴 , … , 𝑥𝑁𝐴𝐴 }), the group impact function is the weakest-link
function. Sheremeta (2011) examines behavior in group contests with the weakest-link group
impact function and finds that members of the same group learn how to coordinate on a joint
group effort and free-riding is almost nonexistent. These results are replicated by Cason et al.
(2012, 2015), who further document that in the weakest-link contests most groups reach a very
high level of cooperation when they are allowed to communicate.
Finally, when the performance of a group depends only on the best performer within the
group (𝑓𝐴 (𝑥1𝐴 , … , 𝑥𝑁𝐴𝐴 ) = max{𝑥1𝐴 , … , 𝑥𝑁𝐴𝐴 }), the group performance function is the best-shot
function. The only study examining behavior in group contests with the best-shot group impact
function is done by Sheremeta (2011). Not surprisingly, the results show that in best-shot group
contests, most of the effort is expended by strong players while weak players free-ride.
When comparing behavior in different group contests, Sheremeta (2011) concludes that
effort crucially depends on the group impact function, with the perfect-substitutes function
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generating the highest group effort, the weakest-link function generating the least free-riding,
and the best-shot function generating the highest relative effort by strong players.13 It is
important to emphasize, however, that all papers discussed in this sub-section, including
Sheremeta (2011), employ a completely egalitarian rule of sharing the prize (i.e., 𝛼𝐴 = 1) and a
linear cost of effort (i.e., 𝑐𝑖𝐴 (𝑥) = 𝑐𝑖𝐴 𝑥). One may expect that the results could change when
using a proportional sharing rule or a convex cost of effort, which is an interesting question for
future experimental research.

4.4. Contest Success Function
As we have previously discussed, the two most commonly used contest success functions
to model behavior in group contests are the lottery CSF (𝑟 = 1) and the auction CSF (𝑟 = ∞).
Experimental studies of group contests, however, have mostly employed the lottery CSF (e.g.,
Gunnthorsdottir and Rapoport, 2006; Abbink et al., 2010, 2012; Kugler et al., 2010; Ahn et al.,
2011; Sheremeta, 2011; Cason et al., 2012, 2015; Ke et al., 2013, 2015). The main reason is that
group contests employing the lottery CSF usually have pure strategy equilibria, making it easier
for subjects to learn and for researchers to analyze the data, while contests employing the auction
CSF have only non-degenerate mixed strategy equilibria (Konrad, 2009). Nevertheless, some
studies on group contests have employed the auction CSF (Rapoport and Bornstein, 1987, 1989;
Bornstein, 1992; Levine and Palfrey, 2007; Kugler and Bornstein, 2013). One common finding is
that under both CSFs there is significant over-expenditure of effort. Unfortunately, a direct
comparison between group contest studies employing different CSFs is difficult because studies

13

An interesting extension which has not been examined in the laboratory is the question of contests between
asymmetric groups, where asymmetry comes from the fact that the performance of one group is characterized, for
example, by the best-shot group impact function while the performance of the other group is characterized by the
weakest-link group impact function (Chowdhury and Topolyan, 2015).
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that use different CSFs also use quite different experimental designs (i.e., binary all-or-nothing
versus continuous strategy space).
One place where we could get some idea of how CSF impacts behavior in group contests
is contests between individual players. One of the first experimental contest studies by Millner
and Pratt (1989) examined behavior of subjects in a two-player contest (e.g., 𝑁𝐴 = 1 versus
𝑁𝐵 = 1) under the lottery CSF (𝑟 = 1) and the auction-like CSF (𝑟 = 3). The experiment
showed that subjects expend higher efforts when 𝑟 = 3 than when 𝑟 = 1. The follow-up studies
by Potters et al. (1998) and Davis and Reilly (1998) have directly compared behavior under the
lottery CSF ad under the auction CSF, with both studies finding that subjects expend higher
efforts when 𝑟 = ∞ than when 𝑟 = 1.
In summary, experimental studies of contests between individuals find that, consistent
with the theoretical predictions, the auction CSF leads to a higher effort and more competitive
behavior than the lottery CSF. However, it is important to exercise caution when extrapolating
these findings to group contests. Future studies should directly examine how CSF impacts
behavior in group contests.

4.5. Heterogeneity of Players
Most studies on contests between groups assume that players within each group have
identical valuation for the prize. One exception is Sheremeta (2011), who investigates lottery
contests between groups, where each group has one stronger player, with a higher valuation for
the prize, and two weaker players, with lower valuations. The experiment employs a perfectsubstitutes, a best-shot, and a weakest-link group impact functions. The results show that
stronger players expend more effort and weaker players are more likely to free-ride in perfect-
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substitutes and best-shot contests. As a result, sometimes stronger players earn lower payoffs
than weaker players. On the other hand, there is almost no free-riding and both stronger and
weaker players expend similar effort in weakest-link contests.
Brookins et al. (2015) examines behavior of heterogeneous agents in the context of
sorting into groups. Consistent with the theoretical predictions of Ryvkin (2011), they find that
subjects in perfect-substitutes contests expend higher aggregate effort when heterogeneity
between groups is lower. Also, similar to the findings of Sheremeta (2011), stronger players
expend more effort (and sometimes earn lower payoff) than weaker players.
There are several studies investigating how heterogeneity of groups impacts behavior in
between-group contests. Bhattacharya (2015) examines contests in which one group has a greater
probability of winning (unfair contests) or has a lower cost of exerting effort (uneven contests),
creating heterogeneity of players in different groups. Similarly, Hargreaves-Heap et al. (2015)
examines contests between groups with unequal resources. Both studies employ a completely
egalitarian rule of sharing the prize (i.e., 𝛼𝐴 = 1), and they find that stronger players (e.g.,
players from stronger groups) exert higher effort than weaker players and the results are mostly
consistent with the comparative statics predictions of the theory.
Finally, in the context of political competition, Levine and Palfrey (2007) design an
experiment to test the comparative statics predictions of the group contest model by Palfrey and
Rosenthal (1985). They find evidence for the size effect, the competition effect, and the
underdog effect. Relevant to our discussion, they also find that stronger players (who have lower
voting cost) expend higher effort than weaker players.
Overall, it seems that all experimental studies examining behavior of heterogeneous
players in group contests find that, consistent with the theoretical predictions, stronger players
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expend more effort and weaker players are more likely to free-ride. As a result, sometimes
stronger players earn lower payoffs than weaker players. It is important to emphasize, however,
that these conclusions are drawn from the studies employing a completely egalitarian rule (i.e.,
𝛼𝐴 = 1). More research is needed to show the robustness of these findings.

5. Mechanisms Promoting Cooperation
In this section we review mechanisms that have been shown to be effective in promoting
within-group cooperation in group contests. Also, we briefly discuss some conflict resolution
mechanisms that can be used to de-escalate and potentially eliminate between-group conflict. In
is important to emphasize, however, that within the context of contests between groups, increase
of within-group cooperation automatically leads to increase of between-group competition.
Therefore, in most cases, it is impossible to satisfy both of these objectives simultaneously.

5.1. Within-Group Cooperation
Previously we have discussed that conflicts between groups generate high within-group
cooperation. Indeed a number of studies have shown that between-group competition can be used
to resolve the problem of uncooperative behavior within groups (Puurtinen and Mappes, 2009;
Reuben and Tyran, 2010; Burton-Chellew and West, 2012; Cabrera et al., 2013) and
coordination failure in teams (Bornstein et al., 2002; Cason et al., 2012). Moreover, given a
choice, individuals often endogenously choose to employ competition between groups in order to
promote within-group cooperation (Markussen et al., 2014; Puurtinen et al., 2015). However,
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besides the direct effect of between-group competition on within-group cooperation, there are
behavioral mechanisms that can be used to increase within-group cooperation.14
Abbink et al. (2010) find that within-group cooperation is enhanced when group
members are allowed to punish free-riders. However, such enhanced within-group cooperation
comes at the cost of higher between-group competition (up to nine times higher than the Nash
equilibrium). Therefore, while it is clear that the introduction of within-group punishment
promotes within-group cooperation, it is not clear whether such punishment is necessarily
beneficial to the group. Sääksvuori et al. (2011), however, show that groups that have access to
within-group punishment outperform groups that do not have such access, thus concluding that
costly punishment entails significant individual benefits in a population of competing groups.
A number of studies show that the introduction of within-group communication can
enhance cooperation and coordination within a group (Bornstein, 1992; Bornstein et al., 2002;
Sutter and Strassmair, 2009; Cason et al., 2012, 2015; Leibbrandt and Sääksvuori, 2012).
However, similar to Abbink et al. (2010), Cason et al. (2012) point out that enhanced
cooperation and coordination within each competing group may lead to extensive and inefficient
competition between groups. They conclude that communication should not be interpreted
generally as an efficiency-enhancing mechanism. Cason et al. (2015) further explore the
potentially harmful effects of within-group communication, and find that despite “harmful”

14

Here we discuss mechanisms of within-group cooperation only in the context of contests between groups. There
is, however, a large literature examining mechanisms of cooperation in social dilemmas and collective action games
(Kollock, 1998; Chaudhuri, 2011). Some mechanisms that have been suggested by this literature include
communication (Isaac and Walker, 1988; Bochet et al., 2006), punishment of free-riders (Fehr and Gächter, 2002),
recognition of the top performers (Samek and Sheremeta, 2014; 2015), reputation and feedback (Kurzban and
DeScioli, 2008; McCarter and Sheremeta, 2013), and behavioral spillovers (Cason et al., 2012; Savikhin and
Sheremeta, 2013; McCarter et al., 2014).
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effects of communication, groups endogenously and consistently choose to communicate even
though this leads to lower payoffs and efficiency.15
Eisenkopf (2014) examines the role of leadership on within-group coordination. In
different experimental treatments the leader either benefits from high or low group effort or gets
a predetermined payment. The results show that group leaders can coordinate the competitive
behavior of their group members. Leaders who benefit from high (low) effort of their group
members induce the highest (the lowest) effort from group members. In general, group members
in all treatments adjust their behavior according to the recommendation of the group leader,
especially if leaders get a fixed rather than an outcome-dependent payment.
Finally, Tan and Bolle (2007) suggest a simple mechanism for promoting within-group
cooperation without detrimental effects of between-group conflict. Instead of directly assigning
subjects to the between-group conflict, they create an environment in which each group
competes to be ranked higher than the other group. Even though groups do not compete directly,
the experiment shows that such “virtual competition” promotes within-group cooperation.
Several follow-up studies have shown that even by simply providing feedback about the relative
performance of each group (which are not in direct competition with each other), one can
increase within-group cooperation (Böhm and Rockenbach, 2013; Cárdenas and Mantilla, 2015).
The advantage of these mechanisms is that the benefit of within-group cooperation is achieved
without the cost of between-group competition.
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One reason for this result is that incentives are structured in such a way that choosing to communicate is a weakly
dominant strategy. Communication helps groups to act as one individual player (Sutter and Strassmair, 2009; Cason
et al., 2012; Zhang, 2012), and individual players (acting in the role of a group) are usually more likely to win
against the competing group (Kugler and Bornstein, 2013).
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5.2. Conflict Resolution and Endogenous Formation of Alliances
Given the very high over-expenditure of effort resulting from intense competition
between groups, it is imperative to examine what are the effective mechanisms of resolving
conflicts between groups. There is a growing experimental literature studying conflict resolution
mechanisms in the laboratory. Most of these studies focus on resolving conflicts between
individuals. Some mechanism that have been shown to be effective include communication
between competing parties (Tingley and Walter, 2011; Cason et al., 2012), side-payments
(Kimbrough and Sheremeta 2013, 2014), the use of a coordination device (Kimbrough et al.,
2014), costly commitments (Kimbrough et al., 2015), and mediation (Eisenkopf, 2015). In the
context of group contests, only one of these conflict resolution mechanisms has been studied in
the laboratory. Specifically, Cason et al. (2012) have shown that in the weakest-link group
contest communication between groups can de-escalate and potentially eliminate between-group
conflict. Similar results also exist in perfect-substitutes group contests (Bornstein, 1992;
Leibbrandt and Sääksvuori, 2012). Unfortunately, other conflict resolution mechanisms have not
been studied in the context of group contests. This is an open area for future research.
A natural extension to the studies examining conflict resolution between groups is the
question of alliance formation (for a survey, see Bloch, 2012). Given that some groups can
completely resolve their conflicts, it is natural to ask whether they would be willing to form an
alliance when facing a common enemy. To examine this question, Deck et al. (2015) model a
situation in which an attacker observes the defenders' decision to form an alliance and the level
of defense before acting. An important implication of their model is that if the defenders form an
alliance then their expected payoffs increase despite the fact that a successful attack is more
likely. Experimentally, alliances yield higher payoffs to defenders as predicted, but also reduce
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the likelihood of a successful attack, counter to the theoretical prediction. Herbst et al. (2015)
also examine the endogenous formation of alliances, and find that less competitive contestants
display a greater willingness to form alliances. Despite this observed self-selection of less
aggressive subjects into alliances, endogenous alliances tend to generate higher effort than
exogenously formed alliances.16

6. Conclusions and Future Directions
There are several important lessons that emerge from the papers that we surveyed. First,
almost all laboratory studies of behavior in group contests find significant over-expenditure of
effort relative to the Nash equilibrium prediction. Second, most experimental studies find support
for the comparative statics predictions of the theory (with the exception of the “group size
paradox”). Third, there are effective mechanisms that can promote within-group cooperation and
conflict resolution mechanisms that can de-escalate and potentially eliminate between-group
conflict (although usually it is impossible to satisfy both of these objectives simultaneously).
We see a number of fruitful avenues for future experimental research on group contests.
First, the over-expenditure of effort in group contests is still an open question. As discussed in
Section 3, such over-expenditure can be driven by (1) overly competitive behavior which is
usually observed when individuals compete against others in contests, or (2) overly cooperative
behavior which is usually observed in social dilemmas and collective action games. It is also
possible that over-expenditure is driven by parochial altruism, which would imply that (1) and
(2) are acting simultaneously and are positively correlated. Currently, there is no consensus on
this issue (Yamagishi and Mifune, 2016), and so more research is needed.

16

Other experimental studies of alliances are done by Amaldoss et al. (2000), Ke (2011), and Ke et al. (2013, 2015).
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Second, given that evolutionary biology suggests that individual non-kin altruism could
have emerged endogenously through competition between groups (Rusch, 2014), it is imperative
to examine endogenous emergence of group conflicts and whether this process stimulates
individual self-selection into types (i.e., altruistic types versus competitive types). One could
potentially design an experiment resembling the environment of Choi and Bowles (2007), but
instead of exogenously assigning specific types, allow individual subjects endogenously form
groups and choose their own types. This environment would be difficult to analyze using
traditional game-theoretic tools, but it could be easily studied using experiments.17
Third, many results that we reviewed in this survey were established under quite
restrictive conditions. For example, all papers examining how group impact function influences
individual behavior in group contests employ a completely egalitarian rule of sharing the prize
and a linear cost of effort. Similarly, all experimental studies examining behavior of
heterogeneous players employ the egalitarian rule. Therefore, more research is needed to show
that the results from these studies are robust when the cost of effort is convex and when the prize
is shared proportionally to individual effort.
Finally, we have mentioned that some theoretical predictions about behavior in group
contests have only been studied using contests between individuals. For example, the finding that
a more discriminatory contest success function generates higher effort has only been documented
in contests between individuals (Millner and Pratt, 1989; Davis and Reilly, 1998; Potters et al.,
1998), and more research is needed to examine the robustness of these results in the context of
group contests. Similarly, most conflict resolution mechanisms (such as side-payments, the use
of a coordination device, costly commitments, and mediation) have been studied in the context of

17

See an example of a similar type of an experiment by DeScioli and Wilson (2011).
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a conflict between two individuals. More research is needed to determine whether such
mechanisms can be used to de-escalate and potentially eliminate between-group conflicts.
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